Single-crystal X-ray study T = 150 K Mean (C-C) = 0.011 Å R factor = 0.037 wR factor = 0.097 Data-to-parameter ratio = 15.7
The title compound, poly [N,N,N 0 2À layers that are unprecedented in uranium chemistry. The layers in this compound are separated by C 7 H 20 N 2 2+ cations, forming the basis of an extensive hydrogen-bonding network. An independent intralayer hydrogen-bonding network is also observed, involving water molecules bound directly to a uranium centre.
Comment
Hydrothermal actinide chemistry has been the focus of intense interest in recent years. Great structural diversity is observed in actinide sulfates Norquist et al., 2002; Thomas et al., 2003) , phosphates , iodates (Bean et al., 2004) , selenites (Almond et al., 2004) , carbonates (Kubatko & Burns, 2004) , molybdates (Krivovichev et al., 2005) and chromates (Sykora et al., 2004) . These studies have led to the formation of a host of novel inorganic structures. Several strategies are employed for the formation of new structure types, including the use of alternate coordination polyhedra (Kubatko & Burns, 2004; Sykora et al., 2004) , inclusion of organic components into the framework (Kim et al., 2003) , systematic exploration of reaction conditions and use of varied organic amines . The last approach is utilized in this study for the formation of an organically templated uranium sulfate with a novel layer Figure 1 View of the title compound, with the atomic numbering scheme. Displacement ellipsoids are drawn at the 50% probability level. [Symmetry codes:
topology. This compound, [C 7 H 20 Two unique uranium centres are present in USO-30. Both U1 and U2 are seven-coordinate (Fig. 1) , in a pentagonal bipyramidal geometry (Table 1) . Two short 'uranyl' bonds to axial oxide ligands are observed for each uranium environment, with distances that range from 1.754 (5) to 1.770 (5) Å , which are close to the average reported value of 1.758 (3) Å (Burns et al., 1997) . The O1-U1-O2 and O8-U2-O9 bond angles are close to 180
, with values of 179.4 (2) and 178. [SO 4 ] polyhedra, results in the formation of an inorganic structure that extends in two dimensions (Fig. 2) . This layer topology is, to the best of our knowledge, unprecendented in uranium chemistry. Two distinct one-dimensional chains are observed, both of which contain a [UO 2 (SO 4 ) 3=3 ] backbone. This chain structure is well known in uranium chemistry (Brandeburg & Loopstra, 1973; Zalkin et al., 1978; Serezhkin et al., 1981; Doran et al., 2003) . In each chain, three of the five equatorial coordination sites surrounding both U1 and U2 participate in chain construction. The other two equatorial sites contain O atoms that are not involved in chain propagation. The two non-backbone sites in the chain containing U1 are occupied by a single [SO 4 ] tetrahedron, containing S1, which shares a common edge with the U1 [UO 7 ] pentagonal bipyramid. The same coordination sites on the chain that contains U2 are occupied by one bound water molecule and one O atom that is part of the aforementioned S1 sulfate tetrahedron; the result is the formation of the layers shown in Fig. 2 .
The bound water molecule on U2 acts as a hydrogen-bond donor in USO-30. The acceptors are O3 and O4, resulting in intralayer hydrogen bonding. The orientations of successive bound water molecules adopt an 'up-down-up' motif. The metal-organic papers interlayer spacing is occupied by the protonated amines, which also act as hydrogen-bond donors. The orientation of these cations is shown in Fig. 3 . Hydrogen bonding details are listed in Table 2 .
À3 mol) and water (1.0557g, 58.7 Â 10 À3 mol) were placed in a 23 ml Teflon-lined autoclave. The autoclave was heated to 453 K for 24 h, and then slowly cooled to 297 K over an additional period of 24 h. The autoclave was opened in air and the products recovered by filtration. A yield of 87%, based on uranium, was observed. USO-30 was characterized using several techniques. Through the use of IR spectroscopy, bands from both the organic and the inorganic components of USO-30 were observed. A broad band centred at 3400 cm À1 , corresponding to the symmetric stretch of the bound water, was present. Bands at 3154 and 1620 cm À1 correspond to the N-H stretching and bending modes, while C-H bands were observed at 1464 and 1482 cm À1 . C-N stretching modes were observed around 1230 cm
À1
, while S-O and uranyl bands were observed at 1100, and 930 and 942 cm À1 , respectively. Analysis found: N 2.87, C 8.69, H 2.15, S 9.87, U 48.13%; calculated: N 2.86, C 8.59, H 2.25, S 9.82, U 48.67%. The thermal stability of USO-30 was probed using thermogravimetric analysis. A 1.0% weight loss was observed between 443 and 503 K, which corresponds to loss of the bound water molecules (calculated 1.8%). Template decomposition begins at 573 K, and is soon followed by the breakdown of the inorganic layers. The material calcines to UO 2 by 1273 K, as determined using powder X-ray diffraction, with a total weight loss of 43.4% (calculated 44.8%). Structural analysis was conducted at 150 K. (Watkin, 1994; Prince, 1982) 111.5 (6) C1-N1-C5 114.8 (6) C4-N1-C5 110.0 (7) C3-N2-C6 110.0 (6) C3-N2-C7 112.9 (6) C6-N2-C7 110.7 (6) N1-C1-C2
113.0 (6) C1-C2-C3 107.7 (6) N2-C3-C2
110.2 (6) Symmetry codes: (i) Àx þ 2; Ày þ 1; Àz þ 1; (ii) x À 1; y; z; (iii) Àx þ 1; Ày þ 1; Àz þ 2; (iv) x þ 1; y; z.
Table 2
Hydrogen-bond geometry (Å , ). Symmetry codes: (ii) x À 1; y; z; (v) Àx þ 1; Ày þ 1; Àz þ 1; (vi) x À 1; y À 1; z; (vii) x; y À 1; z.
metal-organic papers
The C-and N-bound H atoms were positioned in idealized locations. The water H atoms were positioned geometrically to make plausible HÁ Á ÁO hydrogen bonds. All H atoms were refined as riding on their carrier atoms [C-H, N-H and O-H = 1.00 Å and U iso (H) = 1.2U eq (carrier atom)]. The highest peak is 1.30 Å from U1 and the deepest hole is 0.99 Å from U1.
Data collection: COLLECT (Nonius, 2001 ); cell refinement: DENZO/SCALEPACK (Otwinowski & Minor, 1997) ; data reduction: DENZO/SCALEPACK; program(s) used to solve structure: SHELXS86 (Sheldrick, 1985) ; program(s) used to refine structure: CRYSTALS (Betteridge et al., 2003) ; molecular graphics: ATOMS (Dowty, 2000) ; software used to prepare material for publication: CRYSTALS. Hydrogen site location: inferred from neighbouring sites H-atom parameters constrained Chebychev polynomial (Watkin, 1994 , Prince, 1982 with five parameters 61. 
